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Abstract Background: The aim of this study was to determine the risk factors
associated with the principal outcomes in acute appendicitis during pregnancy:
appendix-perforation, and maternal and fetal mortality and maternal morbidity.
Methods: Fifty-two pregnant women who were diagnosed and operated upon acute
appendicitis in Dicle University Hospital, Diyarbakir, Turkey were presented.
Results: The frequency of appendicitis was higher in second trimester. On laparot-
omy 21 patients had perforated, 29 patients had non-perforated and 2 patients had
normal appendix. Interval between symptom onset and operation was found as the
only predictive variable, which was independently associated with the presence of
appendiceal perforation. There was a significant difference between perforated
and non-perforated patients about the rate of complications (52% vs. 17%). Gesta-
tional age (p¼ 0.036), interval between symptom onset and operation (p¼ 0.018)
and white blood cell count (p¼ 0.025) were the variables related with preterm
labor. Tocolytic treatment after the onset of contractions could not prevent
preterm labor. The rate of fetal mortality was 8%.
Conclusions: Presence of perforation is the only predictive factor for maternal
morbidity. The aim of the surgeon should be operating the patient before perfora-
tion. An observation period may be essential in equivocal patients, but should be
individualized according to duration of symptoms and findings of physical examina-
tion. The interval between the symptom onset and operation should never exceed
20 hours. Tocolytics should be ordered for the patients with delayed presentation
and advanced gestational age in order to prevent preterm labor and fetal loss.
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A variety of non-obstetric conditions requiring
operation may arise in women during pregnancy.
Appendicitis is reported to be the most common
non-obstetric surgical emergency during this peri-
od.1e8 In spite of its frequency, there has been no
serious improvement in the success of accurate di-
agnosis of acute appendicitis especially when close
to term.3e5,9 There are many studies describing
the greater diagnostic difficulty, higher complica-
tion rate, and increased rates of fetal and mater-
nal mortality.3,4,6,9 The outcome may be
improved if prompt diagnosis is made, and surgical
intervention combined with obstetrical care is
performed in the early period of the disease.
Operating too quickly reduces the amount of
perforations at the cost of a number of unneces-
sary operations whereas delaying too much
reduces the latter at the cost of increasing the
number of perforations. So it is important to esti-
mate the best cut-off point of those elapsed times.
The aim of this study was to determine the risk
factors associated with the principal outcomes in
acute appendicitis during pregnancy: appendix-
perforation, and maternal and fetal mortality
and maternal morbidity.
Methods
The study population consisted of 52 pregnant
women who underwent operation with the diag-
nosis of appendicitis at the General Surgery
Department of Dicle University Hospital between
January 1990 and January 2005. The following data
were analyzed: age, gestational age, signs and
symptoms on presentation, duration of symptoms,
physical findings, diagnostic modalities, length of
time to operation from admission, surgical find-
ings, histological diagnosis, maternal morbidity
and maternal and fetal mortality.
The SPSS 12.0 for Windows (SPSS, Inc., Chicago,
IL, USA) was used for the analysis of data.
Quantitative data were expressed as means SD.
Differences in continuous variables were analyzed
by the ManneWhitney U-test or Student’s t-test.
Differences in categorical variables were assessed
with the Fisher’s exact test and the chi-square
test with Yate’s correction; as appropriate,
p< 0.05 was considered statistically significant.
To estimate the independent contribution of
each variable to the development of perforation
and preterm labor, we applied a stepwise binary
logistic regression analysis model. All the variables
that were significant at p< 0.05 in the univariateanalysis were considered for the model and odds
ratio were calculated for each variable. The cut-
off value of interval between the symptom onset
and operation was calculated by Receiver Operat-
ing Curve (ROC) analysis.
Results
Over a period of 15 years, 52 pregnant and 695
non-pregnant women underwent appendectomy.
The mean age of the pregnant women was
26.92 6.11 years (range, 16e43 years). Gesta-
tional stage at the diagnosis was first trimester in
11 (21%) patients, second trimester in 27 (52%)
patients and third trimester in 14 (27%) patients.
In relation to frequency of appendicitis, there
was a statistically significant difference between
trimesters (p¼ 0.012). Its frequency was higher
in the second trimester.
The most common symptoms on presentation
were right lower quadrant pain (69%), and nausea
and vomiting (58%) (Table 1). The duration of
symptoms ranged from 6 hours to 7 days, with
a mean duration of 47.67 45.62 hours. On physi-
cal examination, abdominal tenderness (100%) and
rebound (65%) were the most common findings.
Eighteen patients had tenderness at right lower
quadrant of the abdomen alone. Mean white blood
cell count (WBC) was 13 784 5506/mm3. Leuko-
cyturia was encountered in 58%, bacteriuria in
38% of the patients. Of 5 patients who were
referred for observation more than 24 hours, 4
had leukocyturia and bacteriuria. Abdominal
ultrasound revealed a non-compressible tubular
structure in the right lower quadrant consistent
with acute appendicitis in 10 patients. Other ultra-
sonographic findings are shown at Table 1. The
sensitivity of ultrasound was 48% and specificity
was 100%. Its positive predictive value was 100%
and negative predictive value was 8%. The rate
of accuracy was 50%.
Forty-seven patients underwent operation
within 24 hours after admission, while 3 patients,
all of whom were in second trimester, underwent
within 24e48 hours. Two patients were taken to
the operating room after 48 hours: one 4 and the
other 10 days after presentation. Both of the
patients had urinary infections and non-specific
ultrasound findings. The second patient having
additional symptoms such as vaginal hemorrhage
and back pain had been hospitalized in gynecology
department with the diagnosis of threatened
abortion.
Perforated appendicitis, either with peritonitis
or periappendicular abscess, was observed in 21
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tory and ultrasonographic examinations
Non-
pregnant (%)
Pregnant (%)
Symptoms
Right lower
quadrant pain
412 (59) 36 (69)
Right and left
lower quadrants pain
45 (7) 4 (8)
Diffuse
abdominal pain
233 (33) 11 (21)
Back pain 5 (1) 1 (2)
Nausea and vomiting 301 (43) 30 (58)
Dysuria 65 (9) 13 (25)
Vaginal hemorrhage 0 (0) 1 (2)
Physical signs
Mild tenderness alone 62 (8) 18 (35)
Rebound and
tenderness
254 (37) 25 (48)
Rebound, tenderness
and guarding
379 (55) 9 (17)
Diagnostic findings
WBC
>15 000/mm3 254 (37) 17 (33)
15 000/mm3e
10 000/mm3
252 (36) 25 (48)
<10 000/mm3 189 (27) 10 (19)
Urinalysis
Leukocyturia 92 (13) 30 (58)
Bacteriuria 56 (8) 20 (38)
Ultrasound
Acute appendicitis 383 (55) 10 (20)
Generalized
peritonitis
128 (18) 8 (14)
Periappendicular
abscess
28 (4) 4 (8)
Non-diagnostic 98 (15) 26 (50)
No-ultrasound 58 (8) 4 (8)(40%) of the patients. The rate of negative appen-
dectomy was 4%. However, the rate of perforated
appendix was 29%, and normal appendix was 18%
in non-pregnant patients. There was statistically
significant difference between pregnant and non-
pregnant women about the operative findings of
appendix (p¼ 0.021). In 50 patients, appendicitis
was confirmed by a pathology report (96%).
Univariate analysis showed the variables:
interval between symptom onset and operation
(40.13 14.13 vs.112.57 52.49, p< 0.001), type
of symptoms on presentation (5/31 vs. 17/21, p<
0.001), urine analysis (7/31 vs. 13/21, p< 0.010)
and physical findings (3/31 vs. 10/21, p< 0.006)
to be associated with the risk of perforation
(Table 2). However, binary logistic regression anal-
ysis showed that the interval between symptom
onset and operation was the only independent
factor associated with perforation (p¼ 0.002,
OR¼ 1.095, 95% CI¼ 1.035e1.158) (Table 2). The
cut-off value of interval between symptom onset
and operation for estimating the risk of perforation
was found as 20 hours by ROC analysis; the area
under the ROC curve and its standard error (SE)
were 0.929 0.034 (p< 0.001).
Overall 17 (33%) patients experienced postop-
erative complications, 4 of whom had more than
one complication. The most common complica-
tions were premature uterine contractions (25%)
and preterm labor (13%). Wound infection (8%),
sepsis (2%) and abortion (2%) were the other
complications encountered. There was a signifi-
cant difference between perforated and non-
perforated patients about in terms of the rate of
complications (52% vs. 17%) (p¼ 0.013). Uterine
contractions occurred in 13 patients; 10 of whom
were in third trimester. All those patientsTable 2 Factors associated with perforation of appendix: univariate and multivariate analysis.
Variables Non-
perforated
(n:31)
Perforated
(n:21)
Univariate
analysis
(p)
Binary logistic analysis
(p) Odds ratio (95% CI)
Age (year) (mean SD) 26.29 6.22 27.71 6.01 0.416
Gestational age (year) (mean SD) 19.48 7.86 18.38 8.88 0.640
Interval symptom onset-operation
(hour) (mean SD)
40.13 14.13 112.57 52.49 <0.001* 0.002* 1.095
(1.035e1.158)
White blood cell (mm3) (mean SD) 12702 4180 15380 6826 0.086
Haematocrite (%) (mean SD) 35.54 3.24 33.91 4.875 0.156
Symptom (frequency) 5 17 <0.001*
Abnormal urinalysis (frequency) 7 13 0.010*
Physical examination (frequency) 3 10 0.006*
Localization of appendix (frequency) 2 4 0.341
Positive ultrasound (frequency) 11 11 0.355
CI 95: 95% confidence interval, SD: standard deviation, *p< 0.05, statistically significant.
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tions. Preterm labor occurred in 7 patients; 6 of
whom had been treated by tocolytics. Univariate
analysis showed 4 variables to be associated with
preterm labor: gestational age (24.87 9.627 vs.
17.97 7.586, p¼ 0.028), interval between symp-
tom onset and operation (115 66.31 vs.
61.09 4745, p¼ 0.008), WBC (18 037 8390 vs.
13 011 4532, p¼ 0.016) and rate of perforation
(15/44 vs. 6/8, p¼ 0.049). However, binary logistic
regression analysis identified that gestational age
(p¼ 0.036, OR¼ 1.145, 95% CI¼ 1.009e1.300),
interval between symptom onset and operation
(p¼ 0.018, OR¼ 1.018, 95% CI¼ 1.003e1.034) and
WBC count (p¼ 0.025, OR¼ 1.000, 95% CI¼ 1.000e
1.000)were thevariables relatedwithpreterm labor
(Table 3).
There were 4 (8%) fetal mortalities; 1 in first, 2
in second and 1 in third trimester pregnancies. All
of them occurred in patients with perforated
appendicitis. There was no maternal mortality in
this series.
Discussion
Appendicitis is the most frequently encountered
non-obstetric disease requiring surgical treatment
during pregnancy.3,4,6,8 The incidence is about 1 in
every 1500 pregnancies.4 Authors have reported
various percentages for its frequency throughout
the pregnancy; some have shown no difference,3
while the others have reported that it is more fre-
quent during the first or second trimesters1,2,4,5,10
and rare in the last weeks of pregnancy.5 In this
series, the frequency of appendicitis was signifi-
cantly higher in the second trimester.
A correct diagnosis of appendicitis is made more
often during the first trimester of pregnancy thanthe later periods.8,11 The diagnostic difficulty is
attributed to the anatomic and physiologic
changes altering the clinical setting of acute
appendicitis.3e5,9,12,13 The diagnosis in the present
and previous reports was based on anamnesis,
judicious clinical examination and observation.
Despite the classic obstetrical teaching that
appendiceal pain in the pregnant woman migrates
laterally and superiorly toward the right upper
quadrant,2,4,9,10,12,14 the location of pain in this
series was most common in the right lower quad-
rant even in patients with advanced gestational
age. This finding was consistent with the reports
of Hodjati and Kazerooni and Melnick et al.6,7
Some authors have reported that physical exami-
nation on presentation is the most reliable diag-
nostic tool for appendicitis and may reveal fever,
increased pulse rate, rebound tenderness and
guarding, and rectal tenderness.3,4 In this series,
only one-third of the patients had rebound and
tenderness at the admission. More interestingly,
a third of the patients had mild tenderness alone.
These findings were consistent with those reported
by Melnick et al, asserting that findings of physical
examination are less obvious during pregnancy and
could explain our long duration of observation
(average 20 hours) before surgery.7
Laboratory studies have also limited sensitivity
and specificity in those patients. Physiological leu-
kocytosis in pregnancy makes interpretation of the
WBCdifficult.5,7,9 Urinalysis often shows somehema-
turia or bacteriuria in patients with appendicitis.2,4
In this study, leukocytosis and leukocyturia were
present in more than half of the patients. Thirty
seven percent of the patients had bacteriuria. So,
none of these analyses are capable of differentiating
the diagnosis but are able to confuse the scene.
Ultrasound is the best imaging test for the initial
evaluation of abdominal pain in pregnancy.13Table 3 Factors associated with preterm labor: univariate and multivariate analysis
Variables Term labor
(n:44)
Preterm
labor (n:8)
Univariate
analysis (p)
Binary logistic analysis
(p) Odds ratio (95% CI)
Age (year) (mean SD) 27.06 6.406 25.75 4.367 0.580
Gestational age (year) (mean SE) 17.97 7.586 24.87 9.627 0.028* 0.036* 1.145 (1.009e1.300)
Interval symptom onset-operation
(hours) (mean SD)
61.09 47.45 115 66.31 0.008* 0.018* 1.018 (1.003e1.034)
White blood cell (mm3) (mean SD) 13011 4532 18037 8380 0.016* 0.025* 1.000 (1.000e1.000)
Haematocrite (%) (mean SD) 34.70 3.691 35.88 5.975 0.455
Abnormal urinalysis (frequency) 18 2 0.463
Physical examination (frequency) 10 3 0.396
Operative findings (frequency) 15 6 0.046*
Tocolytics (frequency) 9 4 0.096
CI 95: 95% confidence interval, SD: standard deviation, *p< 0.05, statistically significant.
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sound for the diagnosis of appendicitis is very high
(98%).15 However, in a recent study of confirmed ap-
pendicitis in pregnant patients, ultrasound was
found to be non-diagnostic in 70% of the cases.11
Morad et al. asserted that it is less reliable in the
late second trimester and through the third trimes-
ter of pregnancy.16 In our series, the rate of accuracy
for abdominal ultrasound to confirm the diagnosis of
appendicitis in pregnancy was 50% because the ul-
trasound examinations were performed by radiolo-
gists without surveillance of a specialist. Since its
positive predictive value was 100%, it is confirmative
for diagnosis when it is positive. However, the diag-
nosis cannot be ruled out if it is negative.
When evaluating a pregnant patient for appen-
dicitis obstetrical, gynecological and non-obstetri-
cal conditions mimicking appendicitis must be
ruled out carefully, because they not only increase
the rate of negative laparotomy but also are
responsible for the increased rates of perfora-
tion.4,5,7 Actually, 2 of our patients who underwent
negative appendectomy had gynecological dis-
eases. Additionally, 4 of our patients who were
observed more than 24 hours had urinary tract
infection and one of them had been hospitalized
with the diagnosis of threatening abortion. In
such equivocal cases, the authors have noted
that observation of patients for 6 to 10 hours
decreases the number of unnecessary surgeries
without increasing the rate of appendiceal perfo-
ration.2 However, duration of observation was
twofold longer (average 20 hours) in this series.
Although negative laparotomy rates during
pregnancy range from 15 to 50% in literature,4,7,17
it was determined to be 4% in our study. However,
the rate of perforated appendicitis (40%) was sim-
ilar to that in other studies noting a rate of 12e55%
perforation.1,5,12,14 One may assert that our long
duration of observation is responsible for the high
rate of perforation and low rate of negative lapa-
rotomy. However, statistical analyses revealed
that not only the length of observation but also
the length of admission was predictive on presence
of perforation. So we did not believe that this
period is overrated and thought that the observa-
tion period should be individualized according to
the duration of symptoms and the findings of phys-
ical examination. It can be prolonged unless the
interval between the symptom onset to operation
does not exceed 20 hours, because, cut-off value
for this interval was 20 hours. Additionally, most
of the reports have shown that there is a higher
risk of perforation with increased gestational
age,3,4,9,12-14 however, this study did not reveal
any data consistent with these investigations.Although Al-Qudah et al.5 have reported that
the diagnostic delay does not alter the outcome
in the third trimester and does not cause fetal
loss, most of the reports have increased rates of
spontaneous abortion, preterm contraction and
preterm labor in patients with perforated appendi-
citis and advanced gestational age.1,3,6,7,9e11,14,18
The performance of any operation during preg-
nancy carries a risk of premature labor of
10e15%, and the risk is similar for both negative
laparotomy and appendectomy for simple appen-
dicitis.8 However, perinatal morbidity and mortal-
ity increases to 35e40% when perforation occurs.4
In this study, the patients with perforated appen-
dicitis had higher rates of maternal morbidity
(52% vs. 17%) and fetal mortality (24% vs. 7%)
than those with non-perforated appendicitis. We
observed that the pregnant women with advanced
gestational age and delayed presentation have
higher tendency for preterm labor and fetal loss.
No maternal mortality was encountered in spite
of the high rate of perforation and subsequently
increased rate of morbidity. Improvement in
maternal survival may be due to the use of antibi-
otics, improved anesthesia, and better care.
De Santis et al. have reported that intraoper-
ative or perioperative fetal monitoring should be
used in viable pregnancies older than 24 weeks,
suggesting that tocolytic agents should be given
prophylactically to prevent preterm labor.4 In this
study, we ordered tocolytic agents when uterine
contractions were shown either by palpation or
by cardiotocographic monitorization. However, in
46% of the patients preterm labor occurred despite
the tocolytic treatment. Like some authors,5,19 we
were not able to document positive effects of
tocolytics on outcome and thought that use of
these agents after beginning of contractions could
not prevent preterm labor.
In conclusion, the diagnosis of appendicitis is
difficult in pregnancy. However, prompt diagnosis
and emergency surgical intervention are more
important during this period, because any delay
at these steps cause not only maternal but also
fetal mortality. Tenderness to palpation at right
lower quadrant of the abdomen should cause
a high index of suspicion because further physical
signs may not be present if perforation has not yet
occurred. Whenever the diagnosis is in doubt, re-
evaluation of patient within the next hours may
prevent an unnecessary surgical intervention.
There is not a standard period of observation but
it may be prolonged when the onset of the
symptoms is of short duration and should be
limited when this period is long. The important
issue is that the interval between the onset of
Pregnants with acute appendicitis 197symptoms and the operation should not exceed 20
hours. A longer duration of observation can spell
frustration for the pregnant. Neither existing
gynecologic and obstetric pathologies nor negative
ultrasound findings should influence the decision of
operation. If the diagnosis of acute appendicitis
cannot be excluded at the end of this observation
period, explorative laparotomy should be planned.
The probability of negative laparotomy should
always be preferred. Prophylactic administration
of tocolytic agents should not be forgotten in
patients with advanced gestational age especially
when perforation is suspected.
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